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Background Understanding the anatomy of the ligaments of the distal radius aids in
the surgical repair of ligamentous injuries and the prediction of intraarticular fracture
patterns.

Purposes (1) to measure the horizontal and vertical distances of the origins of the
radiocarpal ligaments from the most ulnar corner of the sigmoid notch and the joint
line, respectively; and (2) to express them as a percentile of the total width of the bony
distal radius.

Methods We dissected 8 cadaveric specimens and identified the dorsal radiocarpal,
radioscaphocapitate, and the long and short radiolunate ligaments.

Results The dorsal radiocarpal ligament attached from the 16th to the 52nd percentile
of the radial width. The radioscaphocapitate ligament attached around the radial styloid
from the 86th percentile volarly to the 87th percentile dorsally. The long radiolunate
ligament attached from the 59th to the 85th percentile, and the short radiolunate
ligament attached from the 14th to the 41st percentile.

Discussion There was a positive correlation between the radial width and the
horizontal distance of the ligaments from the sigmoid notch. These findings may aid
individualized surgical repair or reconstruction adjusted to patient size and enable
further standardized research on distal radial fractures and their relationship with
radiocarpal ligaments.

Understanding the anatomy of the ligaments of the distal
radius aids in the surgical repair of ligamentous injuries and
the prediction of intraarticular fracture patterns. There have
been many reports describing the anatomy of the ligaments of
the distal radius.'™*. Only a few have measured their dimen-
sions.>® To date, the radiocarpal ligaments have not been
quantitatively analyzed in relation to the morphology of the

radius. By assessing the location of the ligaments relative to
the distal radius, we may better predict their location in any
given sized individual.

The ligaments play a critical role in the stability of the
carpus.‘?”5’7'8 Accurate (ideally anatomic) surgical repair opti-
mizes carpal stability and kinematics. The ligament origins on
the distal radius also influence fracture propagation.’
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Mandziak et al found that intraarticular fractures tended to
occur between the ligaments and that the Lister tubercle
tended to be spared.

The bony dimensions of the radius are variable.®'" An
absolute measurement of the location of the ligament origins
may not be precise in a particularly small or large individual.
A better understanding of ligament dimensions relative to
radius morphology enhances the study and prediction of
fracture patterns across populations.

The ligaments have been previously described.'™® The
attachment of the dorsal radiocarpal (DRC) ligament spans
the ulnar aspect of the dorsal rim of the distal radius from the
ulnar margin of the Lister tubercle to the sigmoid notch.>
The radioscaphocapitate (RSC) ligament origin spans from the
radial styloid to the volar rim of the distal radius at the level of
the scaphoid fossa. The long radiolunate ligament (LRL)
ligament originates from the volar rim of the scaphoid fossa.
The short radiolunate ligament (SRL) ligament originates
from the volar rim of the lunate fossa.'®

The purpose of this study was to (1) identify the precise
origin of the radiocarpal ligaments by measuring the hori-
zontal distance from the ulnar corner of the sigmoid notch,
and the vertical distance from the joint line, to the origin of
the radiocarpal ligaments; and (2) express the horizontal
distances as a percentile of the total width of the bony distal
radius.

Material and Methods

Five thawed fresh frozen cadaveric wrists and three formalin-
preserved wrists were examined. The specimens had been
donated and consent obtained for anatomical research. There
was no record or evidence of trauma or inflammatory arthri-
tis. The radiocarpal joints were carefully exposed. The DRC,
RSC, LRL, and SRL ligaments were identified. All measure-
ments were performed by two investigators simultaneously
(both qualified surgeons), using a digital caliper (Total Tools
Inc., Victoria. Australia, accuracy of 0.03 mm).

First, bony dimensions were measured (=Fig. 1). A baseline
plane connecting the dorsal and volar corners of the sigmoid
notch was established by manually distracting the distal
radioulnar joint (DRUJ). A 1-mm wire was placed along this
plane in the joint. From this sigmoid notch baseline, a
perpendicular line was established to measure the distance
from the sigmoid notch baseline to the most radial aspect of
the radius. This was identified as the radius width (W).
Parallel to the sigmoid notch baseline, the distance from
the most volar to the most dorsal aspects of the distal radius
was identified as the depth of the distal radius (D).

Subsequently, the distance of the Lister tubercle from the
dorsal corner of the sigmoid notch was measured in a
horizontal plane perpendicular to the sigmoid notch baseline.

Second, the dimensions of the origins of the radiocarpal
ligaments on the distal radius were measured (=~Fig. 2). The
DRC, RSC, LRL, and SRL ligaments’ radius origins were as-
sessed in the following fashion. The horizontal distance from
the volar (or dorsal for the DRC) corner of the sigmoid notch to
the ulnar border of the ligament origin was recorded. The
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Fig.1 Afterthe sigmoid notch baseline was identified, radial width (W)
was measured perpendicular to it, and depth (D) along the sigmoid
notch baseline.

same measurement was made to the radial border of the
ligament origin. This was in the same plane as the radius
width (~Fig. 1).

The horizontal distance of the ligament origin from the
corner of the sigmoid notch was then expressed as a percen-
tile of the radius width W. The vertical (distal to proximal)
distance from the rim of the articular surface (parallel to the
radial diaphysis) to the ulnar and radial border of the liga-
ment origin was also measured (~Fig. 2).

Lister's tubercle
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Fig. 2 Parameters measured for each ligament, using DRC as an
example. W: total width of distal radius. A: distance (in mm and as a
percentile of W) from dorsal corner of sigmoid notch to ulnar border of
ligament origin. B: distance (in mm and as a percentile of the W) from
dorsal corner of sigmoid notch to radial border of ligament origin. C:
distance (in mm) of ulnar border of ligament origin from articular
surface. D: distance (in mm) of radial border of ligament origin from
articular surface.
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Fig. 3 Mean radial horizontal width measured perpendicular to radial
diaphysis.

Statistical Analysis

The mean and standard deviation (SD) of each dimension for
the eight specimens was calculated. Correlation between
bony width and horizontal distance of the ligament origin
from the sigmoid notch was assessed using Pearson’s r test. A
two-tailed t-test was used to test significance, which was set
at 0.05. SPSS (IBM Corp., New York, NY) software was used for
analysis.

Results

The mean age of the fresh frozen specimens was 83 (range
81-87 years). There were two males and three females. The
formalin-preserved wrists did not have age or sex data
available. Overall, there were three right wrists and five left
wrists.

The mean bony width of the radius was 37 (SD 4.8) mm,
and the depth was 28 (SD 3.1) mm. In all specimens the
widest point of the distal radius from the sigmoid notch was
proximal to the radial styloid (=Fig. 3). The most prominent

92
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Fig. 4 Ligament origins expressed as percentiles of the total bony
width of the radius.

points were the Lister tubercle dorsally and the ulnar aspect
of the watershed line volarly.

The dimensions of each ligament relative to the radial
width are presented in =Fig. 4 and in =Table 1. The DRC
ligament attached from the 16th to the 52nd percentile of the
radius width. The RSC ligament attached around the radial
styloid from the 86th percentile volarly to the 87th percentile
dorsally. The LRL ligament attached from the 59th to the 85th
percentile, and the SRL attached from the 14th to the 41st
percentile (~Fig. 4).

We found that the DRC ligament consistently attached on
the ulnar border of the Lister tubercle. The space between the
radial border of the SRL ligament and the ulnar border of the
LRL ligament lay between the 41st and the 59th percentile of
the radial width. The RSC ligament curved around the radial
styloid.

There was a positive correlation between the bony width
of the radius and the horizontal distance of the ligament
origins from the ulnar border of the sigmoid notch
(=Table 2).

Table 1 Mean ligament measurements (mean and SD measurements in mm)

Horizontal (from sigmoid notch) Vertical (from joint line)
Ulnar border? to Radial border® WidthP Ulnar bordere¢ Radial border®
Lister tubercle 19.6 (+ 1.8) to 24.2 (+ 2.2)
DRC 6.2 (+ 2.6) to 19.2 (£ 1.7) 13.1 (£ 2.9) 53 (£ 1.4) 6.5 (+ 1.9)
RSC 32.3 (+ 5.0) dorsal to 31.5 (+ 5.5) volard 7.4 (£ 1.4) 4.8 (+ 1.4) 4.1 (+0.9)
LRL 21.4 (+ 2.4) to 30.5 (+ 3.0) 9.2 (+ 2.3) 5.3 (+ 0.6) 6.2 (+1.2)
SRL 5.2 (4 3.3) to 15.0 (+ 3.3) 9.8 (+ 1.4) 3.9 (£ 1.3) 4.4 (£ 1.0)

Abbreviations: DRC, dorsal radiocarpal ligament; LRL, the long radiolunate ligament; RSC, the radioscaphocapitate ligament; SRL, the short radiolunate

ligament.

“Measured distance (mm) from sigmoid notch to the ulnar border (A in =Fig. 2) and radial border (B in =Fig. 2) of the ligament origin.

PMeasured width (mm) of the ligament.

“Measured distance (in mm) from articular surface to the ulnar border (C in =Fig. 2) and radial border (D in =Fig. 2) of the ligament origin.

9INote the RSC passed from dorsal to volar around the radial styloid.
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Table 2 Statistical correlation between bony radial width and horizontal distance of ligament origin from the sigmoid notch

Ulnar border Radial border

DRC Pearson’s r 0.7 0.7
Significance 0.1 0.09

RSC Pearson’s r 0.95 0.8
Significance 0.00 0.03

LRL Pearson’s r 0.7 0.7
Significance 0.08 0.06

SRL Pearson’s r 0.3 0.5
Significance 0.5 0.3

Discussion

This study has described the ligaments’ origins as a percentile
of the width of the distal radius, measured from the most
ulnar border of the radius. The distance of the ligament
origins from the sigmoid notch tended to increase as the
bony dimensions increased, suggesting that a percentile may
be more valid than an absolute measure when dealing with
different-sized individuals, although this was statistically
significant only for the RSC.

Our ligament dissections were anatomically consistent with
previous work.>® We did not find any of the less common
variations of the DRC ligament described by Viegas et al.’

The total width of the distal radius has not been exten-
sively studied, although inclination, variance and palmar tilt
are more frequently reported because of their clinical utili-
ty.12 Our results were similar to a German study10 (mean
width 34.9 mm) and were slightly larger than previously
reported in Indian dry bone populations (mean width 26.7
mm)."" This may be due to ethnic variations. Our specimens
were Anglo-Saxon, with no Indian specimens.

It is well established that ligament heights and widths
vary."® The DRC ligament is well described by Viegas et al,
with a mean width of 20.5 mm. Our results are comparable,
with all of our specimens showing a type 1 DRC.”> The
dimensions of the volar ligaments are similar to those re-
ported by Nagao et al,® who found a mean width of 6 mm for
the LRL ligament and 11 mm for the SRL. They performed a
computerized model of the ligament insertions but did not
relate them to radial width.

Intraarticular distal radius fracture patterns are influenced
by the ligament origins. The fracture lines traverse the corti-
ces between the ligaments, whereas the origins of ligaments
are relatively protected.’ Mandziak et al postulated that this
was due to the ligaments avulsing the fragments or the
attachment site having higher bone density. This study
provides percentile data against which future radiographic
studies of fracture propagation can be standardized.

The insertion of the brachioradialis tendon has also been
implicated in fracture propagation. Radial fractures were
found to breach the cortex proximal to the brachioradialis
insertion. Koh et al proposed that the tendon reinforced the
radial aspect of the distal radius, as well as being a deforming

force.'® The extensor retinaculum may also influence fracture
patterns, particularly the septa.15

If soft tissue attachments on the distal radius alter the
pattern of fracture propagation, further research regarding
the capsule insertion on the distal radius, and the proximal
and distal extent of the extensor retinaculum, would be
important. The relationship to the watershed line would
also be informative. Mandziak et al studied cortical breaches
of distal radius fractures in the axial plane only at the level of
the articular surface. However, fractures also extend to breach
the cortices more proximally. Studying the relationship of
metaphyseal cortical breaches to soft tissue attachments may
aid our understanding of fracture propagation.

Our study contained eight specimens of mixed preserva-
tion method. Although there were no statistical differences
between the formalin-fixed group and the fresh frozen group,
it is unclear what effect the fixative had. This is unlikely to
have significantly affected the anatomic ligament origins or
the bone morphology.'® It may affect the biomechanical
properties,'’~'° but these were not relevant in our study. A
weakness of this study is the small number of specimens and
lack of statistical significance, which makes it difficult to draw
any definitive conclusions.
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